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Description 

BACKGROUND OF THE INVENTION 



[0001] Dihaioazolopyrimidines are useful as intermediates in the preparation of a variety of agrochemical and phar- 
maceutical compounds. In particular, 5,7-dihalo-6-aiyM,2,4-triazolo[1,5-a]pyrimidines are key intermediates in the 
preparation of fungicidal triazolopyrimidine derivatives which are described in EP-A2-550113. 

[0002] EP-A2-550113 describes a method for the preparation of 5,7-dihalo-6-aryl-1 ,2,4-triazolo[1 ,5-a]pyrimidines 
from malonic acid esters and 3-amino-1 ,2,4-triazole. However, that method is not entirely satisfactory because those 
pyrimidine compounds are obtained in low yield. 

[0003] G. Fischer (Advances in Heterocyclic Chemistry, 1993, 57, 81-138) describes the formation of triazolopyrimi- 
dines from 1 ,3-dicarbonyl compounds and 3-amino-1 ,2,4-triazole, and states that refluxing in glacial acetic acid is 
"standard conditions". Y. Makisumi (Chem. Pharm. Bull., 1961, 9, 801-808) reports that under those conditions the 
condensation of diethyl malonate with 3-amino-1 ,2,4-triazole does not proceed. Makisumi discloses that the reaction 
could be carried out in the presence of sodium ethoxide in ethanol, and that the product dihydroxytriazolopyrimidine 
could be converted to the corresponding dichlorotriazolopyrimidine using a large excess of phosphorus oxychloride. 
However, Makisumi's method is not entirely satisfactory for the preparation of dihaioazolopyrimidines because a large 
excess of phosphorus oxychloride is required and the overall yield of the reactions starting from diethyl maionate is 
often low. 

SUMMARY OF THE INVENTION 

[0004] The present invention provides an effective and efficient process for the preparation of a dihaloazolopyrimidine 
having the structural formula I 




(I) 



wherein 



X A is chlorine or bromine; 

R is phenyl optionally substituted with one or more halogen, nitro, cyano, C n -C 6 alkyl, C 1 -C 6 -haloalkyl, 

C^Cgalkoxy, C r C 6 haloalkoxy, C 1 -C 4 alkoxycarbonyl, phenyl, phenoxy or benzyloxy groups, 
naphthyl optionally substituted with one or more halogen, nitro, cyano, Cj-Cgalkyl, C^Cehaloalkyl, 
C 1 -C 6 alkoxy, C 1 -C 6 haloalkoxy, C r C 4 -alkoxycarbonyl, phenyl, phenoxy or benzyloxy groups, 
C 1 -C 6 alkyl optionally substituted with one or more halogen, nitro, cyano, C 1 -C 4 alkyl, C r C 4 haloalkyl, 
C,-C 4 alkoxy or C 1 -C 4 haloalkoxy groups, 

C 3 -C 8 cycloalkyl optionally substituted with one or more halogen, nitro, cyano, C 1 -C 4 alkyl l C r C 4 - 
haloalkoxy groups, or 

C 2 -C 6 alkenyl optionally substituted with one or more halogen, nitro, cyano, C 1 -C 4 alkyl, 

C,-C 4 haloalkyl, C r C 4 alkoxy or C r C 4 haloalkoxy groups; 
X is CR^ or N; 

Y is CR 2 or N; 

Z is CR 3 or N; 

R v R 2 and R 3 are each independently hydrogen or C^Cgalkyl optionally substituted with one or more halogen, 
nitro, cyano, C 1 -C 4 alkyl, C r C 4 haloalkyl, C r C 4 alkoxy, C 1 -C 4 haloalkoxy, amino, C 1 -C 4 alkylamino or 
di(C 1 -C 4 alkyl)amino groups; 
which process comprises 
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(a) reacting (1) a malonic acid ester having the structural formula II 



10 



15 



20 



* C0 2 Rg 

R ~\ (ID 
CO2R9 



wherein R 8 and Rg are each independently Cj-Cgalkyl, and R is as described above with (2) a het- 
erocyclylamine having the structural formula III 



H 

X N 



!l I (HI) 
Z WH 2 



wherein X, Y and Z are as described above at a temperature of at least 1 00°C in the presence of at 
least one molar equivalent, relative to the malonic acid ester, of a base to form an intermediate salt, 

25 (b) optionally acidifying said intermediate salt with aqueous acid to form a dihydroxyazolopyrimidine 

having the structural formula IV 



OH 




(IV) 



40 wherein R, X, Y and Z are as described above, and 

(c) halogenating the intermediate salt or dihydroxyazolo-pyrimidine with at least about two molar 
equivalents of a hahalogenating agent, e.g., phosphorus oxychloride, phosphorus oxybromide, phos- 
phorus pentachloride or phosphorus pentabromide or a suitable mixture thereof at a temperature of 
45 at least about 100°C. 

[0005] The present invention also provides an effective and efficient process for the preparation of a dihydroxyazol- 
opyrimidine having the structural formula IV 



OH 




(IV) 



3 
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10 



35 



40 



45 



50 



wherein R, X, Y and Z are as described above. This product (IV) is produced by the above-described procedure wherein 
the intermediate salt is acidified; the product (IV) then may be isolated, if desired. 

[0006] It is, therefore, an object of the present invention to provide an efficient new process for the preparation of 
dihaloazolopyrimidines. 

[0007] It is another object of the present invention to provide a novel process for preparing dihydroxyazolopyrimidines. 
[0008] Other objects an advantages of the present invention will be apparent to those skilled in the art from the 
following description and the appended claims. 

DETAILED DESCRIPTION OF THE INVENTION 



[0009] In one embodiment of the present invention, a malonic acid ester 5 represented by formula II is reacted with 
at least about one molar equivalent of a heterocyclylamine represented by formula III, preferably in a temperature 
range of about 120°C to 200°C, more preferably about 150°C to 180°C, and in the presence of a base and/or solvent 
to form an intermediate salt. The intermediate ) salt is halogenated with at least about two molar equivalents of phos- 
ts phorus oxychloride, phosphorus oxybromide, phosphorus pentachloride or phosphorus pentabromide, or a suitable 
mixture thereof, preferably in a temperature range of about 120°C to 150°C. 

[0010] Advantageously, it has now been found that dihaloazolopyrimidines may be obtained in high yield and good 
purity by the effective and efficient process of the present invention. In contrast, dihaloazolopyrimidines are obtained 
in comparatively low yield when prepared according to art methods. 
20 [0011] A further advantage of the present invention is that the inventive process may be conducted in one pot when 
the intermediate salt is not acidified. A one pot reaction sequence is highly desirable because it avoids the isolation of 
intermediate compounds and significantly reduces the amount of chemical waste produced. 

[0012] The intermediate salt is prepared in the presence of added base. The base is present in an amount of at least 
about one molar equivalent relative to the malonic acid ester. Bases suitable for use in the process of the present 

25 invention include tertiary amines such as tri(C 2 -C 6 alkyl)amines, pyridine, substituted pyridines, quinoline, substituted 
quinolines, and ureas; alkali metal hydroxides such as sodium hydroxide and potassium hydroxide; alkaline earth metal 
hydroxides such as calcium hydroxide and magnesium hydroxide; alkali metal C 1 -C 6 alkoxides such as sodium ethoxide 
and potassium tert-butoxide; alkaline earth metal C^Cealkoxides such as magnesium ethoxide; alkali metal carbonates 
such as sodium carbonate and potassium carbonate; and alkaline earth metal carbonates such as calcium carbonate. 

30 Preferred bases include tri(C 2 -C 6 alkyl)amines such as triethylamine and tributylamine, pyridine, 4-(N,N-dimethylamino) 
pyridine, quinoline, and N.N.N'.N'-tetramethylurea with triethylamine and tributylamine being more preferred. 
[0013] The intermediate salt of this invention is represented by structural formula V when prepared in the absence 
of added base, and structural formula VI when prepared in the presence of added base: 



OH 



(V) 




Base 
(VI) 

55 wherein R, X, Y and Z are as described above and "Base" represents the added base. 

[0014] In a further preferred embodiment of the present invention, a solvent is present. Solvents suitable for use in 
the process of the present invention have a boiling point of at least about 80°C and include aromatic hydrocarbons 
such as mesitylene, toluene, xylenes and mixtures thereof; chlorinated aromatic hydrocarbons such as mono- and 



4 
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dihalobenzenes and mixtures thereof; polynuclear aromatic hydrcarbons such as naphthalene, alkylnaphthalenes and 
mixtures thereof; alcohols such as butanol; and mixtures thereof. The solvent of the present invention preferably has 
a boiling point range of about 80°C to 220°C, more preferably about 1 20°C to 1 80°C. Mesitylene is one of the preferred 
solvents of the present invention. 
5 [0015] The reaction between the malonic acid ester and the hetercyclylamine is preferably performed at a pressure 
of about one atmosphere or higher. If the reaction includes a solvent having a boiling point (defined at normal atmos- 
pheric pressure) lower than the reaction temperature, the reaction pressure must be elevated so that the solvent boiling 
point is elevated to at least the reaction temperature. 

[0016] In some embodiments of the inventive process, an aqueous acid is used to acidify the intermediate salt. 
10 Aqueous acids suitable for use include aqueous mineral acids such as hydro-chloric acid, hydrobromic acid and sulfuric 
acid, and aqueous organic acids such as trifluoroacetic acid with hydrochloric acid, hydrobromic acid, and sulfuric acid 
being preferred. 

[0017] The halogenation reaction may comprise reacting the intermediate salt orthe dihydroxyazolopyrimidine with 
a suitable halogenati ng agent under conditions that produce the desired dihaloazolopyrimidine. Any halogenating agent 

15 and conditions known in the art may be used. 

[0018] Preferably, the halogenating agent and conditions are those described herein for the preferred embodiments 
of the present invention. Advantageously, the halogenation reaction may be conducted at atmospheric pressure or at 
a pressure greater than atmospheric pressure. The term "a suitable mixture thereof", as used in the specification and 
claims with regard to the halogenating agents described herein, is defined as a phosphorus oxychloride and phosphorus 

20 pentachloride mixture or a phosphorus oxybromide and phosphorus pentabromide mixture. 

[0019] The process of the present invention is especially useful for the preparation of dihaloazolopyrimidines wherein 



X 1 is chlorine; 

R is phenyl optionally substituted with one or more halogen, C r C 4 alkyl, C 1 -C 4 haloalkyl, C^-C^alkoxy, 
25 -C 4 haloafkoxy, phenyl, phenoxy or benzyloxy groups, or naphthyl; 

X is CH A or N; 

Y is CR 2 ; 

Z is N; and 



R 1 and R 2 are each hydrogen. 

30 

[0020] Advantageously, the present invention is particularly useful for the preparation of 5,7-dihalo-6-aryl-1 ,2,4-tria- 
zolo[1,5-a]pyrimidines of formula I wherein 

X., is chlorine; 

35 R is phenyl optionally substituted with one or more halogen, C 1 -C 4 alkyl, C r C 4 haloalkyl, C r C 4 -alkoxy or 

C r C 4 haloalkoxy groups; 
XandZ are N; and 

Y is CH. 

40 [0021] The process of the present invention can produce surprisingly high yields of dihydroxyazolopyrimidines and 
dihaloazolopyrimidines. One key factor is the temperature of the reaction between the malonic acid ester and the 
heterocyclylamine and the use of a base. A solvent may also enhance the yield in some embodiments. Those skilled 
in the art will be able, without undue experimentation, to select a favorable combination of temperature and optional 
base and/or solventfor any particular embodiment within thescopeof this invention, upon consideration of the foregoing 

45 description of the preferred embodiments and the Examples that follow. 

[0022] In order to facilitate a further understanding of the invention, the following illustrative examples are presented. 



50 



55 
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Example 1 

Preparation of 5,7-Dihydroxy-6-(2-chloro-6-fluorophenyl)-1 ,2,4-triazolo[1 ,5-alpyrimidine, 3-amino-1 ,2,4-triazole salt 
[0023] 



CI 




(Comparative Example) 

[0024] A mixture of diethyl (2-chloro-6-fluorophenyl)-malonate (29 g, 0.1 mol), 3-amino-1 ,2,4-triazole (8.4 g, 0.1 mol), 
and the solvent mesitylene (10 mL) is heated at 160°C for 7 hours and filtered to obtain a solid. The solid is washed 
with diisopropyl ether and dried to give the title product as a solid (1 8 g, 50 % yield, mp 260-266°C). 

(According to the invention) 

[0025] Following essentially the same procedure, but using the appropriate solvent and/or base, the 5,7-dihydroxy- 
6-(2-chloro-6-fluorophenyl)-1 ,2 ( 4-triazolo[1 ,5-a]pyrimidine salts shown in Table I are obtained. 



6 
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EXAMPLE 2 

Preparation of 5,7-Pfchloro-6-(2-chloro-6-fluorophenylH ,2,4-trlazolo[1 ,5-alpy rim (dine 
[0026] 




[0027] A mixture of 5,7-dihydroxy-6-(2-ch!oro-6-fluorophenyl)-1 ,2,4-triazolo[1 ,5-a]pyrimidine, 3-amino-1 ,2,4-triazole 
salt (34.8 g, 0.095 mol), and phosphorus oxychloride (1 00 mL) is heated in an autoclave at 1 40°C (2.8 bar) for 4 hours 
and excess phosphorus oxychloride is removed by distillation. The resultant reaction mixture is cooled to room tem- 
perature and poured into a water/dichlorom ethane mixture (300 mL, 1:1) while maintaining the temperature of the 
mixture below 30°C. The organic phase is separated, dried over anhydrous sodium sulfate, and concentrated in vacuo 
to obtain an oil which crystallizes overnight to give the title product as a solid (22.4 g, 74% yield, mp 11 8-120°C). 



8 
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EXAMPLE 3 



Preparation of 5 ) 7-Dichloro-6-(2-chloro-6-flurophenyl)-1,2,4-triazolo[1 ,5-alpyrfmidlne 
5 [0028] 



10 



15 



20 



25 



30 



CO C H 

2 2 5 



^ CO a C 2 H s 



F 

H 

1) N N 

NC(CH 2 ) 3 CH 3 ] 3 

2) POC1 




N N CI 



35 



40 



[0029] A mixture of 3-amino-1 ,2,4-triazole (12.6 g, 0.15 mol), diethyl (2-chloro-6-fluorophenyl)malonate (47.6 g, 0.15 
mol), and tributyl amine (27.8 g, 0.15 mol) is heated at 170°C while allowing ethanol generated during the reaction to 
distill off. After 2 hours, residual ethanol is removed with a slow nitrogen stream for 30 minutes. The reaction mixture 
is then cooled to 1 30°C and phosphorus oxychloride (69 g, 0.45 mol) is added dropwise over 20 minutes. The resultant 
clear, brown solution is refluxed for 6 hours, cooled to room temperature, and slowly added to a toluene/water (5:6) 
mixture (1 ,1 00 mL) with stirring. The organic phase is separated, washed sequentially with dilute hydrochloric acid and 
water, dried over anhydrous sodium sulfate and concentrated in vacuo to give a brown, viscous oil (44.5 g) which 
contains 90% of the title product (83% yield). 



45 



50 
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EXAMPLE 4 

Preparation of 5 ,7-Dihydroxy-6-(2-chloro-6-fluoropheny»)-1 ,2 t 4-tria2o(ori,5-a]pyrimidine - 
[0030] 

Cl 
F 

i 1) 170°C, Mesitylene 



j 2) HC1/H 2 0 




[0031] A mixture of diethyl (2-chloro-6-fluorophenyl)-malonate (7.3 g, 0.025 mol), 3-amino-1 ,2,4-triazole (2.1 g, 0.025 
mol), mesitylene (20 mL), and pyridine (5 ml_) is refluxed for 7 hours at 170°C, cooled to room temperature, and 
decanted to obtain a solid. A solution of the solid in water (50 mL) is acidified with concentrated hydrochloric acid (5 
mL), and the resultant precipitate is collected, washed with water, and dried to give the title product as a solid (5 g, 
71% yield, mp 220°C). 

[0032] Following essentially the same procedure, but using the appropriate solvent and/or base, 5,7-dihydroxy- 
6-(2-chloro-6-fluorophenyl)-1 ,2,4-triazolo[1 ,5-a]pyrimidine is obtained in the yields shown in Table II. 
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COMPARATIVE EXAMPLE 

Preparation of 5,7-Dlhydroxy-6-(2-chloro-6-fluorophenyl)-1 ,2,4-trlazolori ,5-a]pyrlmldlne 



[0033] 



N N 

IL A * NaOC 2 H 5 
N NH 2 



1) C 2 H s OH , A 

2) HCl/H a O 



N N OH 



[0034] Diethyl (2-chloro-6-fluorophenyl)malonate (108 g, 0.37 mol) and 3-amino-1 ,2,4-triazole (31 .2 g f 0.37 mol) are 
added to a sodium ethoxide solution (previously prepared by dissolving sodium (8.5 g, 0.37 mol) in ethanol (250 mL)). 
The resultant reaction mixture is refluxed for 50 hours, cooled to room temperature and filtered to obtain a solid which 
is washed with diisopropyl ether. A solution of the washed solid in water is acidified with concentrated hydrochloric 
acid, and the resultant precipitate is collected, washed with water and dried to give the title product as a solid (15 7 g 
14.5% yield, mp 21 5°C). 



Claims 

1 . A process for the preparation of a compound having the structural formula I 




wherein 

X 1 is chlorine or bromine; 

R is phenyl optionally substituted with one or more halogen, nitro, cyano, C r C 6 alkyl, 

C^Cehaloalkyl, 

C r C 6 alkoxy, C r C 6 haloalkoxy, C r C 4 alkoxycarbonyl, phenyl, phenoxy or benzyloxy groups, 
naphthyl optionally substituted with one or more halogen, nitro, cyano, C 1 -C 6 alkyl, 



d-r c - H ' * 

F 
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C-j-Cghaloalkyl, C r C 6 alkoxy, 

C r C 6 -haloalkoxy, Cj-C^alkoxycarbonyl, phenyl, phenoxy or benzyloxy groups, 
C r C 6 alkyl optionally substituted with one or more halogen, nitro, cyano, C r C 4 alkyl, 
C r C 4 haloalkyl, C r C 4 alkoxy or C r C 4 haloalkoxy groups, 
5 C 3 -C 8 cycloalkyl optionally substituted with one or more halogen, nitro, cyano, C r C 4 alkyl, C r C 4 - 

haloalkyl, 

C r C 4 alkoxy or C r C 4 haloalkoxy groups, or 

C 2 -C 6 alkenyl optionally substituted with one or more halogen, nitro, cyano, C r C 4 alkyl, 
C 1 -C 4 haloalkyl, 

10 C r C 4 alkoxy or C r C 4 haloalkoxy groups; 

X is CR, or N; 

Y is CR 2 or N; 

15 

Z is CR 3 or N; 

R 1 , R 2 and R 3 are each independently hydrogen or C 1 -C 6 alkyl optionally substituted with one or more halogen, 
nitro, cyano, C 1 -C 4 alkyl > C^C^aloalkyl, C r C 4 alkoxy, C 1 -C 4 haloalkoxy, amino, ^-C^alkylamino 
20 or di(C r C 4 alkyl)amino groups; 

which process comprises 

(a) reacting (1 ) a malonic acid ester having the structural formula II 
CO2R9 



25 



R v (IX) 



30 



35 



wherein R 8 and R 9 are each independently C r C 6 alkyl, and R is as described above with 
(2) a heterocyclylamine having the structural formula III 



H 

X N 

II I (III) 

40 

Z NH 2 



wherein X, Y and Z are as described above at a temperature of at least 1 00°C in the presence 
45 of at least one molar equivalent, relative to the malonic acid ester, of a base to form an 

intermediate salt, 

(b) optionally acidifying said intermediate salt with aqueous acid to form a di hydroxy azo I - 
opyrimidine having the structural formula IV 

50 



55 
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OH 




(IV) 



wherein R, X, Y and 2 are as described above, and 

(c) halogenating the intermediate salt or dihydroxyazolopyrimidine with at least two molar 
equivalents of a halogenating agent. 

2. The process according to claim 1 wherein said base is selected from the group consisting of a tertiary amine, an 
alkali metal hydroxide, an alkaline earth metal hydroxide, an alkali metal C r C 6 alkoxide, an alkaline earth metal 
C 1 -C 6 alkoxide, an alkali metal carbonate, and an alkaline earth metal carbonate. 

3. The process according to claim 2 wherein said tertiary amine is selected from the group consisting of a tri 
(C 2 -C 6 alkyl)-amine, pyridine, a substituted pyridine, quinoline, a substituted quinoline, and N.N.N'.N'-tetramethy- 
lurea. 

4. The process according to claim 1 wherein said halogenating agent is selected from the group consisting of phos- 
phorus oxychloride, phosphorus oxybromide, phosphorus pentachloride, phosphorus pentabromide and a suitable 
mixture thereof, and wherein said halogenating step is performed at a temperature of at least 100°C. 

5. The process according to claim 1 wherein said malonic acid ester is reacted with said heterocycly famine at a 
temperature of 120°C to 200°C. 

6. The process according to claim 1 wherein said malonic acid ester is reacted with said heterocyclylamine in the 
presence of a solvent. 

7. The process according to claim 6 wherein said solvent has a boiling point of 80°C to 220°C. 

8. The process according to claim 6 wherein said solvent is selected from the group consisting of an aromatic hydro- 
carbon, a chlorinated aromatic hydrocarbon, a polynuclear aromatic hydrocarbon, an alcohol, and mixtures thereof , 
and the boiling point of the solvent is at least 80°C. 

9. The process according to claim 8 wherein said aromatic hydrocarbon is selected from the group consist-ing of 
mesitylene, toluene, a xylene, and mixtures thereof, said polynuclear aromatic hydrocarbon is selected from the 
group consisting of naphthalene, an alkylnaphthalene, and mixtures thereof, and said alcohol is butanol. 

10. The process according to claim 1 wherein said aqueous acid is an aqueous mineral acid selected from the group 
consisting of hydrochloric acid, hydrobromic acid, and sulfuric acid. 

11. The process according to claim 1 wherein said halogenation is conducted at a pressure greater than one atomo- 
sphere. 

12. The process according to claim 1 wherein 
X 1 is chlorine; 

R is phenyl optionally substituted with one or more halogen, C r C 4 alkyl, C r C 4 haloalkyl, C r C 4 alkoxy, 

C r C 4 haloalkoxy, phenyl, phenoxy or benzyloxy groups, or naphthyl; 

X is CR 1 or N; 
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Y is CR 2 ; 
Z is N; and 

R 1 and R 2 are each hydrogen. 

13. A process for the preparation of a compound of formula IV according to claim 1 , which process comprises reaction 
steps (a) and (b) according to claim 1 . 

14. The process according to claim 13 wherein in formula IV 

R is phenyl optionally substituted with one or more halogen, C 1 -C 4 alkyl, C r C 4 haloalkyl f C r C 4 alkoxy, 

C r C 4 haloalkoxy, phenyl, phenoxy or benzyloxy groups, or naphthyl; 

X is CR t or N; 

Y is CR 2 ; 
Z is N; and 

R 1 and R 2 are each hydrogen. 

Patentanspruche 

1 . Verfahren zur Herstellung einer Verbindung mit der Strukturformel I 



R (I) 

Z N ^Xl 



X 

11 i 

* *7 TO ^ 



in der 

X 1 Chlor oder Brom bedeutet, 

R Phenyl, das gegebenenfalls durch eine oder mehrere Halogen-, Nitro-, Cyan-, C^Cg-Alkyl-, 

C r C 6 -Halogenalkyl-, C r C 6 -Alkoxy-, C^-Ce-Halogenalkoxy-, C r C 4 -Alkoxycarbonyl-, Phenyl-, 
Phenoxy- oder Benzyloxygruppen substituiert ist, Naphthyl, das gegebenenfalls durch eine oder 
mehrere Halogen-, Nitro-, Cyan-, C 1 -C 6 -Alkyl-, C r C 6 -Halogenalkyl-, C r C 6 -Alkoxy-, C r C 6 -Ha- 
logenalkoxy-, C r C 4 -Alkoxycarbonyl-, Phenyl-, Phenoxy- oder Benzyloxygruppen substituiert ist, 
C r C 6 -Alkyi, das gegebenenfalls durch eine oder mehrere Halogen-, Nitro-, Cyan-, C 1 -C 4 -Alkyl- I 
C r C 4 -Halogenalkyl-, C^C^AIkoxy- oder C 1 -C 4 -Halogenalkoxygruppen substituiert ist, 
C 3 -C a -Cycloalkyl, das gegebenenfalls durch eine oder mehrere Halogen-, Nitro-, Cyan-, C r C 4 - 
Alkyl-, C r C 4 -Halogenalkyl-, C r C 4 -Alkoxyoder C r C 4 -Halogenalkoxygruppen substituiert ist, 
oder 

C 2 -C 6 -Alkenyl, das gegebenenfalls durch eine oder mehrere Halogen-, Nitro-, Cyan-, C,-C 4 - 
Alky I-, C 1 -C 4 -Halogenalkyl-, C 1 -C 4 -Alkoxyoder -C 4 -Halogenalkoxygruppen substituiert ist, be- 
deutet, 

X CR, oder N bedeutet, 

Y CR 2 oder N bedeutet, 
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Z CR 3 Oder N bedeutet, 

R 1 , R 2 und R 3 jeweils unabhangig Wasserstoff Oder C r C 6 -Alkyl, das gegebenenfalls durch eine Oder mehrere 
Halogen-, Nitro-, Cyan-, C r C 4 -Alkyl-, C 1 -C 4 -Halogenalkyl- l C r C 4 -Alkoxy-, C r C 4 -Halogenalk- 
oxy-, Amino-, C^C^AIkylamino- oder Di(C r C 4 -alkyl)aminogruppen substituiert 1st, bedeuten, 

dadurch gekennzeichnet, daB man 

(a) (1) einen Malonsaureester mit der Strukturformel II 

/CO2R8 

R \ (ID 
C0 2 R$ 

f 

in der R 8 und R 9 jeweils unabhangig C r C 6 -Alkyl bedeuten und R die oben beschriebene Bedeutung aufweist, 
mit (2) einem Heterocyclylamin mit der Strukturformel III 



H 

X N 

II I (III) 
Z NH 2 



in derX, Y und Z die oben beschriebene Bedeutung aufweisen, bei einerTemperatur von mindestens 100°C 
in Gegenwart mindestens eines Molaquivalents (in bezug auf den Malonsaureester) einer Base umsetzt, wo- 
durch man ein Salz als Zwischenprodukt erhalt, 

(b) gegebenenfalls dieses als Zwischenprodukt erhaltene Salz mit waBriger Saure ansauert, wodurch man 
ein Dihydroxyazolopyrimidin mit der Strukturformel IV 



OH 




<XV) 



in der R, X, Y und Z die oben beschriebene Bedeutung aufweisen, erhalt, sowie 

(c) das als Zwischenprodukt erhaltene Salz bzw. Dihydroxyazolopyrimidin mit mindestens zwei Molaquivalen- 
ten eines Halogenierungsmittels halogeniert. 

Verfahren nach Anspruch 1 , wobei die Base aus der Gruppe tertiares Amin, Alkalimetallhydroxid, Erdalkalimetall- 
hydroxid, Alkalimetall-C r C 6 -alkoholat, Erdalkalimetall-C^Cg-alkoholat, Alkalimetallcarbonat und Erdalkalimetall- 
carbonat stammt. 

Verfahren nach Anspruch 2, wobei das tertiare Amin aus der.Gruppe Tri(C 2 -C 6 -alkyl)amin, Pyridin, substituiertes 
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Pyridin, Chinolin, substituiertes Chinolin und N.N.N'.N'-Tetramethylhamstoff stammt 

4. Verfahren nach Anspruch 1 , wobei das Halogen ierungsmittel aus der Gruppe Phosphoroxychlorid, Phosphoroxy- 
bromid, Phosphorpentachlorid, Phosphorpentabromid sowie eine geeignete Mischung aus diesen Substanzen 
stammt und wobei der Halogenierungsschritt bei einer Temperatur von mindestens 1 00°C durehgefuhrt wird. 

5. Verfahren nach Anspruch 1 , wobei der Malonsaureester mit dem Heterocyclyiamin bei einer Temperatur von 1 20°C 
bis 200°C umgesetzt wird. 

6. Verfahren nach Anspruch 1 , wobei der Malonsaureester mrt dem Heterocyclyiamin in Gegenwart eines Losungs- 
mrttels umgesetzt wird. 

7. Verfahren nach Anspruch 6, wobei das Losungsmittel einen Siedepunkt von 80°C bis 220°C aufweist. 

8. Verfahren nach Anspruch 6, wobei das Losungsmittel aus der Gruppe aromatischer Kohlenwasserstoff , chlorierter 
aromatischer Kohlenwasserstoff, me hrkerniger aromatischer Kohlenwasserstoff, Alkohol und deren Mischungen 
stammt und der Siedepunkt des Losungsmittels mindestens 80°C betragt. 

9. Verfahren nach Anspruch 8, wobei der aromatische Kohlenwasserstoff aus der Gruppe Mesitylen, Toluol, Xylol 
und deren Mischungen stammt, der mehrkernige aromatische Kohlenwasserstoff aus der Gruppe Naphthalin„AI- 
kylnaphthalin und deren Mischungen stammt und es sich bei dem Alkohol urn Butanol handelt. 

10. Verfahren nach Anspruch 1 , wobei es sich bei der waBrigen Saure um eine waBrige Mineralsaure aus der Gruppe 
Chlorwasserstoffsaure, Bromwasserst off saure und Schwefelsaure handelt. 

11. Verfahren nach Anspruch 1, wobei die Halogenierung bei einem Druck von mehr als einer Atmosphare durehge- 
fuhrt wird. 

12. Verfahren nach Anspruch 1 , wobei 
X 1 Chlor bedeutet, 

R Phenyl, das gegebenenfalls durch eine oder mehrere Halogen-, C r C 4 -Alkyl-, C 1 -C 4 -Halogenalkyl-, 

C r C 4 -Alkoxy-, Cj-C^Halogenalkoxy-, Phenyl-, Phenoxy- oder Benzyloxygruppen substituiert ist, 
oder Naphthyl bedeutet, 

X CR 1 oder N bedeutet, 

Y CR 2 bedeutet, 
Z N bedeutet und 

R 1 und R 2 jeweils Wasserstoff bedeuten. 

13. Verfahren zur Herstellung einer Verbindung der Formel IV nach Anspruch 1, das Reaktionsschritte (a) und (b) 
nach Anspruch 1 umfaBt. 

14. Verfahren nach Anspruch 13, wobei, in Forme! IV, 

R Phenyl, das gegebenenfalls durch eine oder mehrere Halogen-, C r C 4 -Alkyl-, C r C 4 -Halogenalkyl-, C,-C 4 -Alk- 
oxy-, C r C 4 -Halogenalkoxy-, Phenyl-, Phenoxy- oder Benzyloxygruppen substituiert ist, oder Naphthyl bedeutet, 

X CR A oder N bedeutet, 

Y CR 2 bedeutet, 
Z N bedeutet und 

R 1 und R 2 jeweils Wasserstoff bedeuten. 
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Revendications 



1. 



Proced6 pour la preparation d'un compose repondant a la formule developp6e I 




(I) 



dans laquelle 

X 1 repr6sente un atome de chlore ou un atome de brome ; 

R repr6sente un groupe phenyle, portant le cas 6cheant a titre de substituants un ou plusieurs groupes haloge- 
no, nitro, cyano, alkyle en C, - C 6 , halogenalkyle en C 1 - C 6 , alcoxy en C, - C 6> halogenalcoxy en - C 6 , 
alcoxy(en - C 4 )carbonyle, phenyle, phenoxy ou benzyloxy, 

un groupe naphtyle, portant le cas echeant a titre de substituants un ou plusieurs groupes halog6no, nitro, 
cyano, alkyle en C 1 - C 6 , halogenalkyle en C 1 - C 6 , alcoxy en - C 6 , halogenalcoxy en - C 6 , alcoxy(en 
C 1 - C 4 )carbonyle, phenyle, ph6noxy ou benzyloxy, 

un groupe alkyle en C 1 - C 6 , portant le cas ech6ant a titre de substituants un ou plusieurs groupes halog6no, 
nitro, cyano, alkyle en C 1 - C 4 , halogenalkyle en C 1 - C 4 , alcoxy en C 1 - C 4 ou halogenalcoxy en - C 4> 
un groupe cycloalkyle en C 3 - C 8 , portant le cas echeant a titre de substituants un ou plusieurs groupes 
halogeno, nitro, cyano, alkyle en C, - C 4 , halogenalkyle en - C 4 , alcoxy en - C 4 ou halogenalcoxy en 
C 1 - C 4 , ou 

un groupe alcenyle en C 2 - C 6 , portant le cas echeant a titre de substituants un ou plusieurs groupes haloge- 
no, nitro, cyano, alkyle en - C 4> halogenalkyle en C A - C 4 , alcoxy en - C 4 ou halogenalcoxy en C 1 - C 4 ; 

X reprdsente un groupe CR 1 ou un atome d'azote ; 

Y repr6sente un groupe CR 2 ou un atome d'azote ; 

Z represente un groupe CR 3 ou un atome d'azote ; 

R 1 , R 2 et R 3 representent, chacun independamment I'un de I'autre, un atome d'hydrogene ou un groupe 
alkyle en C 1 - C 6> portant le cas 6ch6ant a titre de substituants un ou plusieurs groupes halog£no, nitro, 
cyano, alkyle en - C 4 , halogenalkyle en - C 4 , alcoxy en C 1 - C 4 , halogenalcoxy en C 1 - C 4 , amino, 
alkyl(en C A - C 4 )amino ou dialkyl(en C 1 - C 4 )amino ; 

ledit proc6de comprenant le fait de 

(a) faire reagir (1) un ester d'acide malonique repondant a la formule d6veloppee II 




(IX) 



CO2R9 



dans laquelle R 8 et R 9 representent, chacun independamment Tun de I'autre, un groupe alkyle en C, - C 6 , et 
R est tel que decrit ci-dessus avec (2) une heterocyclylamine repondant a la formule developp6e III 
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H 

X N 



ri I (Hi) 
Z KH 2 



dans laquelle X, Y et Z sont tels que decrits ci-dessus, a une temperature d'au moins 100 °C en presence 
d'au moins un equivalent molaire, par rapport a Tester de I'acide malonique, d'une base pour former un sel 
intermediate, 

(b) le cas 6ch6ant, acidifier ledit sel intermediaire avec un acide aqueux pour former une dihydroxyazolopy- 
rimidine repondant a (a formule developpee IV 



OH 




(TV) 



dans laquelle R, X, Y et Z sont tels que decrits ci-dessus, et 

(c) soumettre a une halogenation le sel intermediaire ou ta dihydroxyazolopyrimidine avec au moins deux 
equivalents molaires d'un agent d'halogenation. 

Precede selon la revendication 1 , dans lequel ladite base est choisie parmi le groupe constitue par une amine 
tertiaire, un hydroxyde de metal alcalin, un hydroxyde de metal alcalino-terreux, un alcoxyde en C t - C 6 de metal 
alcalin, un alcoxyde en C, - C 6 de metal alcalino-terreux, un carbonate de metal alcalin et un carbonate de metal 
alcalino-terreux. 

Procede selon la revendication 2, dans lequei ladite amine tertiaire est choisie parmi le groupe constitue par une 
tri(alkyl(en C 2 - C 6 )amine, de la pyridine, une pyridine substitute, de la quinoleine, une quinoleine substitute et 
de la N.N.N'.N'-tetramethyluree. 

Procede selon la revendication 1 , dans lequel ledit agent d'halogenation est choisi parmi le groupe constitue par 
I'oxychlorure de phosphore, I'oxybromure de phosphore, le pentachlorure de phosphore, le pentabromure de phos- 
phore et un de leurs melanges appropries, et dans lequel ladite etape d'halogenation est effectuee a une tempe- 
rature d'au moins 100 °C. 

Procede selon la revendication 1 , dans lequei on fait reagir ledit ester de I'acide malonique avec ladite heterocy- 
clylamine a une temperature de 120 °C a 200 °C. 

Proced§ selon la revendication 1 , dans lequel on fait reagir ledit ester de I'acide malonique avec ladite htterocy- 
clylamine en presence d'un solvant. 

Procede selon la revendication 6, dans lequel ledit solvant possede un point d'6bullition de 80 °C a 220 °C. 

Procede selon la revendication 6, dans lequel ledit solvant est choisi parmi le groupe constitue par un hydrocarbone 
aromatique, un hydrocarbone aromatique chlore, un hydrocarbone aromatique polynucleaire, un alcool et leurs 
melanges, et le point d'ebullition du solvant s'eleve a au moins 80 °C. 

Procede selon la revendication 8, dans lequel ledit hydrocarbone aromatique est choisi parmi le groupe constitue 
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par le m6sitylene, le toluene, un xylene et leurs melanges, ledit hydrocarbone aromatique polynucleaire est choisi 
parmi le groupe constltue par le naphtalene, un alkylnaphtalene et leurs melanges et ledit alcool est le butanol. 

10. Procede selon la revendlcation 1, dans lequel ledit acide aqueux est un acide mineral aqueux choisi parmi le 
groupe constitue par I'acide chlorhydrique, I'acide bromhydrique et I'acide sulfurique. 

11. ProcedS selon la revendication 1, dans lequel ladite halogenation est effectue a une pression sup6rieure a une 
atmosphere. 

12. Precede selon la revendication 1 , dans lequel 
X 1 represente un atome de chlore ; 

R represente un groupe ph6nyle, portant le cas echeant a titre de substituants un ou plusieurs groupes 

halogeno, alkyle en - C 4> halogenalkyle en C A - C 4 , alcoxy en - C 4 , halog6nalcoxy en Cj - C 4 , 
ph6nyle, phenoxy ou benzyloxy, ou represente un groupe naphtyle ; 

X represente un groupe CR 1 ou un atome d'azote ; 

Y represente un groupe CR 2 ; 

Z represente un atome d'azote ; et 

R 1 et R 2 repr£sentent chacun un atome d'hydrogene. 

13. Precede pour la preparation d'un compose r6pondant a la formule IV selon la revendication 1 , ledit proc6de com- 
prenant les etapes reactionnelles (a) et (b) selon la revendication 1 . 

14. Procede selon la revendication 13, dans lequel, dans la formule IV 

R represente un groupe phenyle, portant le cas 6cheant a titre de substituants un ou plusieurs groupes 

halogeno, alkyle en C 1 - C 4 , halogenalkyle en C, - C 4 , alcoxy en C t - C 4 , halog6nalcoxy en - C 4> 
ph6nyle, ph6noxy ou benzyloxy ; ou represente un groupe naphtyle ; 

X represente un groupe CR 1 ou un atome d'azote ; 

Y represente un groupe CR 2 ; 

Z represente un atome d'azote ; et 

R 1 et R 2 repr6sentent chacun un atome d'hydrogene. 



20 



